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Abstract 
The assessment of a kerosene driven aircraft concept with a boundary layer ingesting propulsion (BLI) 
system is content of this paper. The objective is to determine the potential of this BLI technology for 
short/medium range single aisle aircraft. For this an overall aircraft design (OAD) interpretation of a current 
Airbus A320neo, called D165, is chosen to be the reference to calibrate the design and assessment 
methodology.  
However, the final technology integration results are compared to the Baseline D165-2035 assuming 
technology level maturation for 2035. This D165-2035 aircraft is equipped with two geared turbofan engines 
with an increased bypass-ratio of 15.3 at take-off condition. 
To evaluate the various phenomena driving the aircraft performance and to isolate the impact of the 
integration of the BLI propulsion system, two intermediate aircraft with rear-mounted engines have been 
designed. The first one features structurally and flight performance driven positioned rear engines at the 
location of the rear pressure bulkhead and the second one takes additional constraints into account 
considering the possibility of burying the engines into the fuselage at the next step without any interaction 
with the passenger cabin and hence the bulkhead. 
Finally the BLI configuration D165-2035-TB including two partially buried engines at the rear of the fuselage 
and a T-tail empennage is investigated and assessed. 
Besides the investigation of this specific configuration a general overview and further performance 
improvement potentials of aircraft with boundary layer ingesting propulsion systems are demonstrated and 
their feasibility is discussed in this paper. 
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1. INTRODUCTION 
The expected growth in air travel demand in the coming 
decades drives the requirements of future aircraft 
regarding their environmental impact and fuel 
consumption. These requirements become increasingly 
challenging nevertheless the level of environmental impact 
acceptable by our society is not known today. This is why 
alternative technologies and concepts reducing the 
environmental impact have to be examined and evaluated. 
One potential concept is a boundary layer ingesting 
propulsion system (BLI). This specific engine integration 
affects the aircraft in various ways and hence it is 
assessed at overall aircraft level in the scope of the first 
part of the project “Hybrid Electric Propulsion for Emission 
Reduction in Flight” (HYPER-F) within the framework of 
Clean Sky 2. 
The theory behind a BLI propulsion system is that the 
reduced averaged intake velocity results in a lower intake 
momentum. For the same thrust and mass flow, this 
results in a reduced exhaust velocity for the same delta in 
intake and exhaust velocities which increases the 
efficiency.  
BLI concepts in general have been investigated in various 
publications [1] [2] [3] [4] [5] [6]. The results at overall 
aircraft level sometimes vary significantly which is why a 
study at this level with the investigation at high fidelity level 
of the important disciplines is presented subsequently.  
2. DESCRIPTION OF METHODOLOGY 
The description of the overall aircraft design methodology 
together with important additional disciplines which have 
to be considered with higher fidelity approaches in order to 
evaluate the current boundary layer ingestion concept, is 
content of the following section. 
2.1. Overall Aircraft Design Process 
The applied aircraft design methodology is a model based 
system engineering (MBSE) approach in which 
disciplinary tools are communicating via the Common 
Parametric Aircraft Configuration Schema [7]. It is a 
multidisciplinary, iterative sizing process with semi 
empirical and physics based models set up in the Remote 
Control Environment (RCE) [8]. 
The main part of the workflow is the level zero and level 
one toolchain which consists of two convergence-loops 
with which the aircraft is iteratively designed.  
The Level 0 convergence loop is based on the conceptual 
sizing tool openAD using semi empirical models. The 
Level 1 loop consists of semi empirical and physics based 
models. The different disciplines are described below: 
Aerodynamic 
For the aerodynamic performance calculation, the tools 
“LIFTING_LINE” [9] and “HANDBOOK_AERO” developed 
at the DLR-Institute of Aerodynamics and Flow 
Technology are applied. They consist of Vortex-Lattice 
together with empirical and semi-empirical methods. 
High Speed Performance 
The stepwise mission performance estimation “AMC” with 
in flight trim drag calculation is applied, developed at the 
DLR-Institute of System Architectures in Aeronautics  
Propulsion: 
The gas turbine performance is integrated via a reduced 
order model from “GTlab” (Gas Turbine Laboratory) [10] 
developed at the DLR-Institute of Propulsion Technology  
Masses:  
Wing masses are calculated with a reduced order model 
“CLA” [11] developed at the DLR-Institute of Aeroelasticity  
Conceptual Sizing tool and Synthesis 
At the end of the level one loop, the conceptual sizing tool 
openAD can again be applied for synthetization. This 
means that all results from higher fidelity methods are set 
as an input and the remaining parameters together with 
the effect at the geometry is calculated. 
2.2. Additional Disciplines 
2.2.1. Power Saving Coefficient Calculation 
The pure benefit of Boundary Layer Ingestion (BLI) 
considering the difference in intake momentum is 
expressed in terms of the Power Saving Coefficient (PSC) 
first defined by Smith [12] and shown in the following 
equation (1). 
(1) 𝑃𝑆𝐶 =
𝑃 − 𝑃𝐵𝐿𝐼
𝑃
  
It describes the difference in propulsive power between an 
undisturbed inflow condition and an inflow condition with 
an ingested boundary layer. It is notable that within this 
investigation, the benefit expressed in terms of the PSC 
only takes the pure momentum deficit difference into 
account. Any other effects are considered separately. 
Otherwise a clean bookkeeping of the different effects 
becomes difficult and error-prone. 
The general theory of the BLI propulsion system benefit is 
explained below. The thrust is described as the difference 
in momentum flow in the following equation (2) without 
taking the pressure difference in front and at the rear of 
the engine into account. Additionally it is assumed that the 
mass flow ?̇? increase due to the added fuel flow is 
negligible small. 
(2) 𝑇 = ?̇?  ∙ (𝑣9 − 𝑣0)  
It is assumed that the mass flow as well as the thrust 
 
Figure 1. Overview of aircraft concepts 
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remains constant for the clean and the distorted inflow 
condition. This leads to a constant difference in intake and 
exhaust speed and a varying fan face area. 
The propulsive power which has to be added to the jet to 
generate thrust is shown in the next equation (3). It is 
derived by the difference in kinetic Energy. 
(3) 𝑃𝑗𝑒𝑡 =
?̇?
2
(𝑣9
2 −  𝑣0
2)  
Thus it is recognizable that the power reduces for a 
decreased intake velocity 𝒗𝟎 and a constant velocity 
difference 𝒗𝟗 − 𝒗𝟎 due to the squared dependence. 
To get these two velocities for the undisturbed and 
disturbed case, the boundary layer has to be calculated for 
a certain flight condition together with the required thrust. 
The boundary layer height and hence a reduced averaged 
intake velocity at the position of the propulsion system is 
achieved by converting the total drag in front of the intake 
via a given boundary layer profile into an momentum 
deficit flow. In other words, the total drag represents a 
momentum deficit flow through a specified area and 
velocity distribution. This results iteratively, together with 
additional geometrical dimensions, into a boundary layer 
height. Nevertheless, if the inlet height is higher than the 
boundary layer, the boundary layer velocity profile is of 
minor importance whereas the momentum deficit is the 
crucial factor. 
With this approach, a reliable calculation of the PSC for 
different flight conditions is achieved. However, the 
assumption that the averaged inflow velocity for the 
boundary ingesting case is ideally mixed, results in small 
deviations because the difference in exergy and anergy is 
neglected by this method. 
The upcoming two figures show the dependency between 
the PSC, the pressure ratio of the engine and the fuselage 
drag share of the total drag in mid-cruise condition. This 
fuselage drag is not necessarily the drag which is ingested 
by the engines, because the different engine pressure 
ratios determine the intake area and height which could be 
less than the boundary layer height. Additionally, the 
intake of the propulsion unit is located at approximately 
80% of the fuselage length in this specific study. This is 
the engine integration driven position resulting in 
momentum deficit losses which are ingested. 
 
Figure 2. PSC as a function of the engine pressure ratio 
and the fuselage drag share for a 360° engine integration 
The thrust of the boundary layer ingesting engines is the 
total mid-cruise thrust of the current BLI concept. 
The resulting PSC’s for a concept, where 360 degree of 
the rear fuselage circumference is covered by the engine 
intake, is displayed in Figure 2. An intake which covers 
100 degree, as it is approximately the case for the current 
BLI concept, is shown in Figure 3. 
 
Figure 3. PSC as a function of the engine pressure ratio 
and the fuselage drag share for a 100° engine integration 
The difference between the 360 and 100 degree variant 
comes from the reduced relative momentum deficit flow 
due to the reduced drag which is ingested on the one 
hand and on the other from the increased inlet height to 
achieve the same pressure ratios. 
A usual single-aisle short/mid-range aircraft has a 
fuselage drag share between 20% and 25% and a 
propulsion unit pressure ratio of around 1.3 to 1.4. 
Considering the fact that it is not possible to ingest the 
whole fuselage drag due to the mentioned issues, a PSC 
of around 1.5% can be selected in Figure 3. 
The highest PSC’s can be achieved with high fuselage 
drag shares and high engine pressure ratios. This should 
not lead to the conclusion that it is preferable to apply low 
bypass-ratio engines and to push up the fuselage drag 
artificially. BLI concepts can only be beneficial, if synergies 
are used correctly. 
2.2.2. Engine Cycle Calculation 
The engine cycle calculation was conducted by the DLR 
Institute of Propulsion Technology [13]. Characteristic data 
of the reference and the baseline engine performance are 
shown below in Table 1. 
The bypass-ratio and the thrust specific fuel consumption 
(TSFC) are shown in the mid-cruise condition, the overall 
pressure ratio (OPR) in the Top of Climb condition (TOC). 
The reference engine model which is applied for the 
analysis of the D165 aircraft configuration represents a 
modern high-bypass geared turbofan engine similar to the 
PW1100G. The performance model has been derived with 
the use of publicly available data such as technical 
certification data sheets published by the airworthiness 
authorities (FAA/EASA) [14] and engine performance 
characteristics presented within the ICAO Exhaust 
Emission Data Bank. 
The baseline engine model on the other hand represents a 
geared UHBR turbofan engine with an increased bypass 
ratio and a variable nozzle concept. It is a generic engine 
model, which was designed based on DLR assumptions 
and is applied for all three baseline aircraft configurations 
as well as for the BLI concept. 
Component Reference Baseline Unit 
BPR (Cruise) 13.0 15.7 - 
OPR (TOC) 41.1 52.7 - 
TSFC (Cruise) 13.7 13.2 g/kN/s 
Fan diameter 2.06 2.34 m 
Table 1. Characteristic engine data [13] 
The thermodynamic simulation of both engine models was 
carried out using DLR’s object oriented in-house 
performance code GTlab-Performance [10]. 
2.2.3. Aerodynamic Fan Performance 
The fan performance is strongly detrimental affected by 
the distorted inflow condition. Surge margin as well as fan 
efficiency are expected to decrease while total pressure 
ratio increases. Within the CleanSky2 project Hyper-F the 
assessment of the fan aerodynamics is conducted by the 
DLR institute of propulsion technology [15]. On the one 
hand a conventional under-the-wing integration scenario is 
considered as reference and the BLI integration scenario 
is assessed in comparison to the previous mentioned 
case. To account for the BLI inherent flow physics a time-
resolving 3D CFD approach is used for the BLI operating 
conditions. The accounting of intake, rotor and stator at 
BLI cruise conditions results in 1.6% decreased relative 
isentropic efficiency (reference is the clean cruise 
operating point) than the reference cruise operating point. 
Further information about the 3D CFD calculations as well 
as balancing of different flow quantities are given in [15]. 
These results were integrated into the overall aircraft 
design loop to ensure a sophisticated assessment if this 
discipline. 
2.2.4. Structural and Aeroelactic Effects 
The fan has to deal with an always present distorted inflow 
where the energy content of the low engine orders 
excitation is high. Therefore a precise prediction of the 
induced vibration amplitudes is necessary. Additionally the 
shape (and energy content) of the BLI depends on the 
flight condition (flight Mach number and flight height) 
which requires a variety of forced response analyzes 
within the flow envelope. The methodology used is 
described in [16] and the application and assessment in 
terms of aerodynamic and aeroelastic effects for different 
boundary layer heights and rotational speeds is published 
in [17] for a similar project. The investigations have shown 
that it is not sufficient for the excitation by a BLI to 
consider only the structural eigenform as well as the 
excitation order in resonance. The critical amplitudes 
increase when consider eigenforms outside the resonance 
especially the first bending and first torsional modeshape. 
In addition, consideration of several excitation orders 
increases the strain and stress level used in the structural 
evaluation. Furthermore, high vibration responses can 
also be observed outside the resonances, which make the 
structural design of a BLI driven fan even more 
challenging.  
In the project HYPER-F, the same methodology is applied 
for  DLR’s ultra-high bypass ratio (UHBR) fan [18] which 
shows that for this robust fan design there are no further 
adjustments needed resulting in no major fan mass and 
hence no secondary mass drawbacks. 
2.2.5. Fan Acoustics 
The ingestion of a boundary layer into an engine also 
entails acoustic challenges since a new tonal and 
broadband noise source is resulting from the 
inhomogeneous and turbulent inflow. This has been 
investigated in the scope of the project HYPER-F by the 
Institute of Propulsion Technology in [19] by a parametric 
study varying the thickness and the shape factor of a 
generic boundary layer. The latter parameter is the ratio of 
the boundary layers displacement thickness to its 
momentum loss thickness and allows considering a 
pressure gradient that may accelerate or decelerate the 
boundary layer shear flow. The tonal and broadband 
results for the new noise source are compared with 
analytical predictions for rotor-stator-interaction (RSI) 
noise informed by CFD computations. 
The tonal results indicate that BLI noise may dominate 
RSI at take-off conditions in presence of a positive 
pressure gradient that decelerates the boundary layer 
shear flow. However, for approach operating conditions 
RSI noise seems to remain the dominant tonal noise 
source. 
Concerning broadband noise the increase of boundary 
layer thickness and shape factor leads to an increase of 
the turbulent kinetic energy stored within the boundary 
layer and therefore to a proportional increase of the 
broadband sound power level. At approach and take-off 
operating conditions broadband BLI noise may become 
dominant if the boundary layer shear flow is subject to a 
deceleration. A high boundary layer thickness may also 
lead to a domination of broadband BLI noise at take-off 
conditions. 
In addition the two broadband noise sources show a 
remarkable difference in their spectral shape since the 
assumed integral length scales of the rotor-wakes and the 
boundary layer turbulence significantly differ from each 
other. 
3. REFERENCE CONFIGURATIONS 
In order to conduct a sophisticated assessment and to 
validate the applied methodology, a reference aircraft has 
to be designed. All reference and baseline configurations 
are shown in Figure 1. 
3.1. Reference Aircraft 
The reference aircraft is a D165 which is a DLR’s 
interpretation of a 165 PAX short/mid-range single-aisle 
aircraft similar to the current Airbus A320neo. The Top 
level aircraft requirements (TLAR) which are valid for all 
investigated concepts in this paper are shown in Table 2. 
It is equipped with two geared turbofans similar to the 
Pratt & Whitney PW1100G which is described in section 
2.2.2. 
All technology assumptions are comparable to the current 
Airbus A320neo. This aircraft serves mainly as a validation 
for the applied methodology as well as the starting point 
from which the baseline is derived. 
 
Parameter Value Unit 
Design Range 3100 nm 
Cruise Mach-number 0.78 - 
Take-off field length (SL ISA +15K) 2200 m 
Landing field length (SL ISA +0K) 1850 m 
Rate of climb capability 300 ft/min 
ICAO Aerodrome Reference Code Code C - 
Maximum payload 20000 kg 
Design payload 17000 kg 
Design cargo weight 2150 kg 
Alternate distance 200 nm 
Loiter time 30 min 
Contingency 3% - 
PAX (Design, 2 class) 165 - 
Mass per PAX 90 kg 
Table 2. Top Level Aircraft Requirements 
3.2. Baseline Aircraft 
The main purpose of the baseline aircraft is to compare 
results from the investigated technologies and concepts. 
Generally speaking, the baseline should be a best in the 
class, conventional aircraft for the investigated timeframe. 
In this study, the baseline aircraft has the same 
technology assumptions as the D165 despite two new 
turbofan engines, see section 2.2.2. The wing and the 
empennage are redesigned to reflect the influence of 
changing masses and there position in the aircraft. In the 
following list, the major aspects which have been kept 
constant throughout the study are displayed. 
- Aircraft technology level (except the engine 
technology between the D165 and the D165-
2035) 
- Fuselage dimensions 
- Cabin and cargo volume 
- Wing loading based on the maximum take-off 
mass (MTOM) 
- Thrust to weight ratio based on the maximum 
take-off mass (MTOM) 
Aspect ratio and taper ratio of the wing (until the 36m box 
constraint is not violated, then the span is kept constant. 
This is not the case for the two intermediate baseline 
aircraft because this would increase the complexity of 
separating the driving phenomena which is the main 
purpose of these two intermediate steps) 
Empennage volume coefficients (Except for the T-Tails to 
consider the end-plate effect and the influence of the one 
engine inoperative case at the VTP). 
The minimum allowable static margin in flight to maintain 
similar stability characteristics. 
3.3. Intermediate Baseline Aircraft 
Two intermediate steps have been conducted to 
individually understand the effects leading to the final 
result of the BLI version D165-2035-BL. The first 
intermediate baseline D165-2035-T provides the 
difference between a performance and structurally driven, 
rear engine T-tail concept and the baseline D165-2035. If 
the engines would now be partially buried in the fuselage, 
the cabin would be intersected which leads to a reduced 
passenger number and hence an impossible 
comparability. This is why the D165-2035-T-Back version 
is designed which has its engines slightly moved to the 
back so that they can be integrated into the fuselage at the 
next step. This integration of the engine has a negative 
effect on the fuselage structural mass because it cannot 
be integrated at the rear bulkhead as it is the case for the 
D165-2035-T version. 
With this approach, it is possible to evaluate the 
phenomena which are leading to the final results. 
Both intermediate baseline versions have been designed 
with the same technology assumptions as the main 
baseline D165-2035. 
4. RESULTS 
The results of the BLI concept D165-2035-TB in terms of 
performance together with the interpretation of the driving 
phenomena and additional effects to be considered is 
content of the following section. 
4.1. General Description 
Mission 
The vertical flight profiles of all concepts are shown in the 
following Figure 4. 
During the cruise phase of the design mission, two steps 
to the next uneven flight levels of FL350 and FL 370 are 
conducted. The ruling behind the position of the next step 
is based on the specific air range (ratio of travelled 
distance to the fuel mass used for it) which considers the 
behavior of the engine and the aerodynamics. 
The climb is conducted with a calibrated airspeed (CAS) of 
250kn up to 10.000ft where it is accelerated to 280kn 
CAS. This is the speed for the remaining climb phase up 
to a Mach-number of 0.76 which is kept constant up to the 
initial cruise altitude (ICA) of 33.000ft. The ICA is 
optimized for each calculated mission. Nevertheless, due 
to the small changes in performance it always ends up at 
FL330. The velocity during the descent segment is 250kn 
CAS. Throughout the total mission, a minimum rate of 
climb constraint of 300 ft/min is fulfilled. 
 
Figure 4. Vertical flight profile of all calculated concepts 
Payload Range Diagram 
The payload-range diagram of the reference, the three 
baseline aircraft as well as the BLI configuration is 
displayed below.  
If the efficiency of an aircraft changes, it can reach more 
range per additional fuel mass which leads to a reduced 
slope of the second segment. Because the red design 
point in Figure 5 with a payload of 17t and a range of 
3100nm is the same for all concepts. This actually leads to 
a reduced maximum range with maximum payload. 
 
Figure 5. Payload-range diagram of all investigated aircraft 
The difference in the last segment at the right hand side 
where the maximum fuel capacity is reached is resulting 
from the interaction of the different maximum fuel masses 
and the structural masses of the aircraft versions. 
4.2. Geometrical Aspects 
The following Figure 6 displays the geometric comparison 
of the main baseline (D165-2035), the first intermediate 
baseline (D165-2035-T) and the BLI concept (D165-2035-
TB).  
 
Figure 6. Geometric comparison 
The explanation of the main geometrical changes is 
described below: 
- The engine position moves from under the wing 
to the rear of the fuselage. This strongly 
influences the total center of gravity of the aircraft 
considering the fact, that the hole propulsion unit 
with the pylon mass makes up approximately 
20% of the operational empty mass (OEM). 
- The wing position moves to the back due to the 
change in the aircraft’s center of gravity to 
achieve the same minimum allowable static 
margin in flight 
- The empennage changes from a conventional 
type to a T-tail. This leads to a change in the 
vertical tail plane geometry, mainly a reduced 
aspect ratio and taper ratio. This increases the tip 
chord length to proper install the horizontal tail 
plane. 
- The landing gear position and length changes 
because of the shift in the total center of gravity. 
For constant tip-back, rear and side clearance 
angles, this leads to a reduced length. 
4.3. Performance considerations 
The difference in Block fuel of all investigated aircraft is 
summarized in Table 3 and visualized in Figure 8. The 
difference in performance expressed as the block fuel of 
the design mission between the investigated aircraft 
concepts is content of the following section. 
D165    D165-2035 
The baseline D165-2035 has a 5.5% reduced design block 
fuel mass. The main effects are the increased efficiency of 
the engine, which will be diminished by the additional 
mass of the engines and the pylons as well as the 
increased wetted are of the nacelles due to the increased 
fan diameter. 
D165-2035    D165-2035-T 
The D165-2035-T has been designed to capture the 
effects which are resulting from the T-tail and the rear 
mounted engines. It has an increased block fuel of 2.4% 
compared with the D165-2035. The main positive effects 
in this case are the decreased landing gear mass due to 
the shorter length which was described in section 4.2 and 
the slightly decreased pylon mass due to the more mass 
efficient structural integration. 
Because center of gravity is located further back, the 
vertical and horizontal tail plane increase in size to 
achieve the same stability characteristics. This leads to 
increased wetted areas and hence higher empennage 
drag and masses. Because of the mass of the propulsion 
unit at the rear of the fuselage, the longitudinal distance to 
the main landing gears is increased. This is why the rear 
part of the fuselage has to transmit the loads to the 
landing gears which is especially critical during the touch 
down and leads to an increased fuselage structure mass. 
The influence of various payload scenarios at the total 
center of gravity increases because of the bigger 
difference the total and the payload’s canter of gravity. 
This results in a higher static margin during cruise under 
the boundary condition of a constant minimum static 
margin for each design. This leads to higher moments 
around the center of gravity and hence to an increased 
trim drag. In Addition, the reduced lever of the horizontal 
tail plane results in higher forces to achieve the same 
moments which again lead to an increased trim drag. 
D165-2035-T    D165-2035-T-Back 
The engine of the final BLI version (D165-2035-TB) has to 
be positioned further at the back than at the D165-2035-T. 
To get just the effect of the center of gravity shift, this 
intermediate step has been conducted. The main reasons 
for the positioning of the engines at the very rear are: 
- Integrating the engines without reducing the 
passenger and cargo capacity 
- Avoiding an interaction between the hot core jet 
with the tail cone of the aircraft 
The driving factor is not ingesting a bigger momentum 
deficit because this effect is much smaller than the 
negative results due to the center of gravity shift caused 
by the propulsion unit. 
The main effects which cause the additional 1.3% are 
mostly the usual effects which are causes by a shift in 
center of gravity to the rear already described in the 
previous section. The fuselage mass increases because 
the engines, which are usually structurally integrated at 
the rear bulkhead, have to be installed further at the back. 
This results in an increased structural mass at the rear of 
the fuselage. 
D165-2035-T-Back    D165-2035-TB 
The last comparison between the intermediate baseline 
D165-2035-T-Back and the BLI concept D165-2035-TB 
results in a block fuel reduction of 4.8%. The major 
positive effects are the BLI effect due to reduced intake 
momentum (PSC), the reduced pylon mass due to a better 
transmission of forces and the reduced wetted area of the 
pylons, nacelles, and fuselage. The reduction in fan 
performance slightly diminishes the positive effects. 
Complete Comparison 
The stepwise comparison between the D165-2035 and the 
D165-2035-TB is shown in terms of a ladder chart in 
Figure 7 which visualizes the effects which have been 
explained previously. 
The comparison between these two aircraft types is most 
relevant because the D165-2035 is the most efficient 
aircraft of the three baseline concepts. 
It can be seen that the actual benefit to achieve with this 
aircraft is a 1.1% design block fuel reduction. 
The biggest negative phenomenon is resulting from the 
configurational changes between a conventional D165-
2035 and the T-tail version D165-2035-T which gets even 
worse by taking the next step to the D165-2035-T-Back 
version into account. This results in a 3.7% increase in 
design block fuel. The biggest positive effect on the other 
hand is the aerodynamic advantage which leads to a 4.4% 
block fuel reduction. This is mainly resulting from the 
strongly reduced wetted area of the nacelles, the pylons 
as well as the rear part of the fuselage. The actual effects 
which are specifically resulting from the ingestion of the 
boundary layer almost cancel each other out. The positive 
effect by the reduced averaged inflow velocity and hence 
inflow momentum which is expressed in terms of the 
power saving coefficient (PSC) which causes a positive 
effect of 1.5% block fuel reduction is completely cancelled 
out by the reduced fan efficiency of -1.6%. 
 
Figure 7. Stepwise explanation of the major phenomena 
between the D165-2035 and the D165-2035-TB 
That means that the driving effect is not the boundary 
lacer ingestion but the secondary, mainly friction drag 
reducing phenomenon. 
4.4. Additional Aspects 
In addition to the performance driven assessment, several 
other important aspects have to be considered which are 
described below. 
 
D165 
D165-
2035 
D165-2035-T D165-2035-T-Back D165-2035-TB 
MTOM [kg] 78996 0.3% 78776 79058 0.4% 79743 1.2% 77969 -1.0% 
MZFM [kg] 64300 -1.1% 65018 64921 -0.1% 65398 0.6% 64400 -1.0% 
OEM [kg] 44300 -1.6% 45018 44921 -0.2% 45398 0.8% 44400 -1.4% 
Pylon [kg] 986 -3.8% 1025 885 -13.7% 896 -12.6% 432 -57.9% 
Propulsion Unit 
[kg] 
8186 -6.5% 8756 8781 0.3% 8843 1.0% 8684 -0.8% 
Design Block 
Fuel Mass [kg] 
15089 5.5% 14297 14637 2.4% 14824 3.7% 14142 -1.1% 
Design Reserve 
Fuel Mass [kg] 
2735 5.8% 2584 2625 1.6% 2647 2.4% 2551 -1.3% 
Table 3. Relevant results of all investigated concepts 
 
Cabin Noise 
The cabin noise, especially for the rear part of the 
fuselage, could pose a problem mainly caused by the 
following two aspects. 
- There is no defined path for the body sound 
transmission as it is the case with a conventional 
pylon structure. 
- The distorted inflow condition has an impact at 
the fan noise 
These effects will most likely increase the cabin noise 
level which leads to additional insulation material. This will 
influence the aircraft performance by the increased 
insulation mass. 
Maintenance 
The maintenance of the engines could cause higher 
operating costs because the accessibility is more difficult. 
Furthermore, the variable nozzle, which is beneficial for 
BLI concepts, is causing a higher maintenance effort.  
Disc Burst 
The two engines of the BLI concept are much closer 
together than it is the case for a usual rear engine 
configuration. This result in an increased possibility that 
the both engines are damaged after one has had a disc 
burst. Trying to contain this would result in a massive 
mass increase which would in addition lead to many 
secondary negative effects considering the location of the 
center of gravity of this containment system. This is why it 
has been assumed, that the probability is still in 
acceptable and certifiable ranges. 
Variable Nozzle 
The engine for all 2035 aircraft version has a variable 
nozzle which is preferable to achieve the full BLI 
advantage in terms of the momentum difference. 
Nevertheless, for the undisturbed variant, a difference 
between a fixed nozzle and a variable one would separate 
the effects more adequate. This is because the variable 
nozzle causes additional effects such as a higher nacelle 
mass or complexity. 
Intake Aerodynamic Properties 
Additional attention is required to answer the question of 
how much air flow with a momentum deficit caused by the 
fuselage drag is actually entering the propulsion unit. Due 
to a static pressure gradient which is developing in front of 
the intake in cruise conditions, it could happen that only a 
small part of the fuselage drag can actually contribute to a 
positive power saving coefficient. 
Future New Engine Options 
The partially buried engines cause additional challenges 
when considering the complete lifetime of this product. 
Usually, during this lifetime, new engine technologies 
come on the market. Installing them at this BLI aircraft 
concept entails the following constraints: 
- The new engine has to have the same 
geometrical dimensions 
- The rear part of the fuselage has to be 
redesigned 
Both of these options are not preferable considering costs. 
5. SUMMARY AND CONCLUSION 
It is worth mentioning, that the biggest positive effect for 
the BLI version D165-2035-TB is the reduced wetted area 
of the tail section. However, the advantage in terms of 
block fuel of the D165-2035-TB compared to the D165-
2035 is -1.1%, see Figure 8, which is rather small 
considering the existing uncertainties of the increased free 
stream inflow velocity. 
 
Figure 8. Visualization of design block fuel masses of the 
investigated concepts 
Some aspects about the combination of a Ultra-High 
Bypass-Ratio (UHBR) turbofan engine and the BLI 
concept are listed below: 
- The boundary layer covers just a small part of the 
total mass flow which leads to a small momentum 
deficit and hence a small Power Saving 
Coefficient (PSC). 
- Heavy UHBR-Engines have significant negative 
performance effects if mounted at the rear of the 
fuselage due to their high masses. The masses 
of the propulsion system with the nacelle and the 
pylon can make up a share of approximately 22% 
of the operating mass empty. 
- Nevertheless, the potential of reducing drag by 
the decreased wetted area is higher for a large 
nacelle. 
If the installation of modern turbofan engines at the rear is 
a requirement or if you need the fuselage to be close to 
the ground, the D165-2035-TB is a favorable configuration 
(-3.5% BF compared to conventional T-Tail, rear engines) 
if the maintenance and the cabin noise can be handled. 
6. OUTLOOK 
Despite the relatively small design block-fuel reduction of 
1.1%, this concept still has potential to be investigated in 
future studies. Some possible fields of interests are listed 
below: 
- A trade between the wing-loading and the thrust-
loading. If it is possible to increase the share of 
fuselage drag, the potential of this concept will 
increase due to an increased Power Saving 
Coefficient (PSC). Nevertheless, this would also 
affect the fan efficiency and would require a 
higher maximum lift coefficient to achieve the 
required approach speed. 
- The intake geometry could be merged around a 
bigger part of the circumference of the fuselage. 
This would increase the momentum deficit share 
but also decrease the intake efficiency. This 
should be investigated with higher fidelity 
methodology.  
- Future conventional aircraft will reduce their block 
fuel significantly mainly due to increased engine 
efficiencies and mass reduction. Assuming a 
constant span limit of 36m for ICAO class C 
aircraft such as today single-aisles and keeping 
the same design range and payload, the wing 
aspect ratio can be increased. If the wing 
structure consists of carbon fiber reinforced 
polymer (CFRP), the aircraft performance 
optimum aspect ratio (trade between 
aerodynamic performance and additional wing 
mass) will even more increase. That means that 
the lift induced drag will reduce resulting in a 
higher fuselage drag share leading to an 
increased PSC. In other words, even if the net 
fuselage drag is approximately the same, 
because less thrust is needed due to the reduced 
lift induce drag; the fan face is decreased 
assuming a constant fan pressure ratio (FPR). 
This increases the momentum deficit share of the 
total mass flow and hence the potential of a BLI 
concept. 
For all of these suggestions, the overall potential of the 
power saving coefficient can be estimated by looking at 
Figure 2 and Figure 3 in section 2.2.1. 
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NOMENCLATURE 
Abbreviations 
3D Three dimensional 
BF Block fuel 
BL Boundary layer 
BLI Boundary layer ingestion 
BPR Bypass ratio 
CAS Calibrated airspeed 
CFD Computational fluid dynamic 
CFRP Carbon fiber reinforced polymer 
CS2 Clean Sky 2 
DLR German Aerospace Center 
EOF End of Field 
FL Flight level 
FPR Fan pressure ratio 
ICA Initial cruise altitude 
ICAO International Civil Aviation Organization 
ISA International Standard Atmosphere 
MBSE Model based system engineering 
MTOM Maximum take-off mass 
MZFM Maximum zero fuel mass 
OAD Overall Aircraft Design 
OEM Operational empty mass 
OPR Overall pressure ratio 
PAX Passenger 
PSC Power saving coefficient 
RCE Remote component environment 
RSI Rotor-stator-interaction 
SL Sea level 
T4 Turbine inlet temperature 
TLAR Top level aircraft requirements 
TOC Top of Climb 
TSFC Thrust Specific Fuel Consumption 
UHBR Ultra-High Bypass Ratio 
VTP Vertical tail-plane 
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